Introduction {#sec1-1}
============

Malnutrition has been defined "a pathological state resulting from a relative or absolute deficiency or excess of one or more essential nutrients."\[[@ref1]\] Sustained malnutrition among children may result in diminished cognitive functioning. It may also have to do with the fact that by the time undernourished children reach school-age, they may have a much lower potential to learn compared to their well-nourished peers.\[[@ref2]\]

The research on child malnutrition and its relationship with cognitive functioning has grown in the last few decades. Research suggests that malnutrition alone does not cause irreversible damage to the brain but is believed to result from a complex interaction between environmental deprivation and undernutrition.\[[@ref3]\] Further research does not establish a causal relationship between malnutrition and mental development that could facilitate more direct action.\[[@ref3]\] A review of studies of the effects of severe malnutrition on mental development by Grantham-McGregor concludes that there is no consistent evidence of a specific cognitive deficit. Further, although the evidence of a causal relationship is strong but it is not unequivocal.\[[@ref2]\]

Understanding the role of nutrition in cognitive impairment is crucial for us in Indian. This because almost half of children under 5 years of age (48%) are stunted and 43% are underweight.\[[@ref4]\] The proportion of children who are severely undernourished is also notable: 24% are severely stunted and 16% are severely underweight. Wasting is quite a serious problem in India, affecting 20% of children under 5 years of age. Now, if undernutrition was a major risk factor for mental retardation, then one would expect to find higher prevalence rates of mental retardation in societies with increased prevalence of malnutrition, perhaps in pandemic proportions in subgroups with severe malnutrition. Keeping this in view, the present study was aimed to identify the relation between malnutrition and cognition among children from a Sub-Himalayan state in North India.

Materials and Methods {#sec1-2}
=====================

This study was carried out in Urban, rural, and slum population of district Kangra of Himachal Pradesh. For the purpose of the study, 9 wards of Kangra town with a population of 9528 along with its slum population was taken as urban and slum population, whereas Shahpur block, with a population of 136,000 and Nagrota Bagwan block with a population of 115,767 were taken as rural population. The study was carried out for a period of 1 year from January 1, 2013 to December 31, 2013. The study population included children in the age group of 1--10 years of age from the selected areas.

The sample size calculation was based on the recommendations of the WHO guidelines for population-based assessment of disabilities. A brief of the guidelines is as under:

In the WHO publication, "Development of indicators for monitoring progress towards health for all by the year 2000," it is recommended that for covering all disabilities, a sample size of 1000 will suffice. However, if the survey is aimed at assessing specific disorders, such as mental retardation, a sample size of 5000 is suggested.\[[@ref5]\] To achieve the most accurate estimates, it is advisable to conduct a house-to-house survey in three areas: One urban slum (including urban slum areas around the capital or other major city) and two rural areas, one that is relatively economically prosperous, and one that is poor.\[[@ref5]\]

Keeping this in view, a sample of 5000 children was planned from urban area including its urban slum area and rural areas (Shahpur and Nagrota Bagwan areas) as mentioned earlier. However, to round-off the sample distribution in these areas, a total of 5300 children, 1--10 years of age (500 from urban and 4800 from two rural areas) were included in the study. The study population of 5300 was divided into a proportion of 90% and 10% between rural and urban areas, respectively, in accordance with the demographic distribution prevalent in Himachal Pradesh. The study design comprised a stratified two-stage sampling. The design was similar in rural and urban areas.

Urban area {#sec2-1}
----------

The wards and the slum area formed the primary sampling unit, and the child as the secondary unit. About 50 children from each of the 9 wards of Kangra town and one slum area were included in the study, giving us a required sample size of 500 children.

Rural area {#sec2-2}
----------

Samples were derived from two blocks; Nagrota Bagwan and Shahpur. The villages formed the primary sampling unit, and the child as the secondary unit. The 30-cluster technique primarily used to estimate immunization coverage was used as the strategy of picking up the primary sampling units. Before the sampling began, the population was divided into a complete set of nonoverlapping subpopulations (clusters) with a defined geographic (villages). After this, 30 of these clusters were sampled with probability proportionate to the size of the population in the cluster. A cluster of 30 villages was taken from each block. About 80 children taken from each cluster were included in the study to complete a sample requirement of 2400 children from each block. In case of insufficient number of children in a single cluster, the children in the adjoining village were included in the study. The areas were mapped and different directions identified in the selected ward/village. One direction was selected randomly. The first house on the left side was approached and a house-to-house survey was conducted to include secondary sampling units, i.e. children of age 1--10 years. Once the desired number was achieved the process was stopped. Each household was enquired for the presence of a child of \<10 years of age. Parental permission was sought before including the child up to 7 years of age in the study after ensuring the following things:

The process was conducted in a manner and location that ensures participant privacyGiving adequate information about the study in a language understandable to the participantProviding adequate opportunity for the participant to consider all optionsResponding to the participant\'s questionsEnsuring the participant has understood the information providedObtaining the participant\'s voluntary agreement to participate, andContinuing to provide information as the participant or research requires.

In children above 7 years of age, consent from children in addition to parental permission, after fulfilling the above criteria, was obtained.

Thus, from each village and urban ward children \<10 years of age were picked up independent of each other. In case, there was no such beneficiary, an inquiry in the immediate next house was made. The process was continued till a beneficiary was found and desired information was collected. The process was continued till the desired number for the sample was obtained; 50 in each urban ward and 80 in each village. Thus, 500 children from the 9 wards of Kangra and adjoining slum area and 2400 children from each rural area which includes Shahpur and Nagrota Bagwan blocks were included in the study. Once the children were identified, evaluation was performed. The evaluation was conducted in two phases; (1) screening phase, (2) clinical evaluation.

Phase I (screening phase) {#sec2-3}
-------------------------

Information about the child was preferably sought from the parents of the child. If the parents were not available, same information was collected from any adult respondent present in the house at that time. After the beneficiaries were identified, a screening questionnaire was administered to identify children suspected of mental retardation. The questionnaire was translated into local language and administered during a personal interview after establishing the validity of the translated version by a reiterative technique with the parent or guardian. The screening questionnaire had been prepared in accordance to the ten questions screen for the disability previously used in similar studies.\[[@ref6][@ref7][@ref8][@ref9]\]

Using a global rather than a disability-specific interpretation of the ten questions,\[[@ref7]\] a child was considered positive for any disability if a response to any one question indicated potential disability. Using the global definition, the ten question screen has been shown to have a good reliability and validity (sensitivity 85%) for detecting severe neurodevelopmental disabilities.\[[@ref9]\] In addition to the ten question screen, a structured per forma was administered to collect demographic information about each child and his/her household. In addition, details on socioeconomic status of the child were enquired using Uday Pareek scale in the rural areas and Kuppuswamy scale in the urban areas.

Phase II (clinical evaluation) {#sec2-4}
------------------------------

All children who screened positive were referred for clinical evaluations. Clinical evaluation was performed (without the knowledge of the screening result) by a pediatrician and a clinical psychologist. The diagnosis of mental retardation was made after psychological assessment based on nonverbal scales from 1985 revision of the Stanford--Binet intelligence test.\[[@ref10]\] The assessment of mental retardation was also based on the child\'s developmental history and her ability in motor skills and behavior. Classification of a child as mentally retarded implied "significantly subaverage intellectual functioning existing concurrently with related limitations in two or more of the following applicable adaptive skill areas with such limitations manifested before age 18."\[[@ref11]\]

CommunicationSelf-careHome livingSocial skillsCommunity useSelf-directionHealth and safetyFunctional academicsLeisure and work.

Measurement of height and weight {#sec2-5}
--------------------------------

For the measurement of weight, the child was asked to step up backward onto the scale and stand still over the center of the scale with body weight evenly distributed between both feet. The child\'s arms were hanging freely by the sides of the body, with palms facing the thighs. The child was asked to hold his/her head up, and face forward. Weight was recorded to the nearest to 100 g using the recommended scale with a digital readout. For the measurement of standing height, a stadiometer was used. The child was asked to stand with his/her back against the board. The back, scapulae, and buttocks were in contact with the vertical board. The child was instructed to stand erect (stand up straight and look straight ahead). The child\'s position was verified from both the front and from the left side of the body. Next, the child\'s head was positioned in the Frankfort horizontal plane. Next, a movable headpiece was brought onto the uppermost (superior) point on the head with sufficient pressure to compress the hair. The measurement was recorded to the nearest to 0.1 cm. For a child \<2 years length was measured. The investigators asked to lay the child on his back with his head against the fixed headboard, compressing the hair. The head was asked to be placed in such a way that an imaginary vertical line from the ear canal to the lower border of the eye socket is perpendicular to the board (The child\'s eyes looking straight up). The mother was asked to move behind the headboard and hold the head in this position. Shoulders were made to touch the board, and the spine was not allowed to arch.

Waterlow\'s classification of nutritional status based on height for age and weight for age was used to categorize the children for malnutrition.\[[@ref12]\] This classification for defining malnutrition was used because of it being age independent. The classification has been described in [Table 1](#T1){ref-type="table"}.

###### 

Waterlow\'s classification
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Results {#sec1-3}
=======

The details of the study population have been provided in [Table 2](#T2){ref-type="table"}. A total of 5300 children were included in this study. Prevalence of mental retardation was 1.7% (91/5300). According to Waterlow\'s classification, 49.5% of children were stunted, 10.0% were wasted, and 4.9% were both wasted and stunted. A higher proportion (7.0%) of children in "wasted and stunted" were found to be mentally retarded as compared to "only stunted" group (1.6%), "only wasted" group (1.3%), and normal children (1.3%). The association depicted in [Table 3](#T3){ref-type="table"} between nutrition status and mental retardation shows that there is a statistically significant (*P* = 0.0001) 6 times increased risk of mental retardation in children who are both wasted and stunted (odds ratio \[OR\], 95% confidence interval \[CI\] -- 5.57, 2.29--10.36) as compared to normal nutrition status children. The risk decreases in only wasted and only stunted children when compared to both wasted and stunted. The risk of mental retardation MR is equal to normal children in only wasted group (OR, 95% CI -- 1.00, 0.43--2.33) and 18% more in only stunted group (OR, 95% CI -- 1.18, 0.72--1.95) as compared to normal children; however, this association was statistically nonsignificant. On applying linear regression analysis statistically significant (*P* = 0.001) association between nutrition status and mental retardation was found; however, it was an imperfect positive correlation (correlation coefficient -- 0.04) \[[Figure 1](#F1){ref-type="fig"}\].
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Mental retardation among children (age group 0-10 years) classified according to nutritional status
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###### 

Association between nutrition status and mental retardation among children (0-10 years age)
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![Association between different grades of malnutrition (according to Waterlow classification) and presence and absence of mental retardation. Y axis-mental retardation, "0": No mental retardation, "1": Mental retardation present, X-axis-Nutrition status, "1": Normal, "2": Wasted, "3": Stunted, "4": Wasted and stunted both](JNRP-7-341-g004){#F1}

Discussion {#sec1-4}
==========

Continuous low nutritional intake combined with poor access to healthcare is likely to impact on children\'s psychological development in terms of attentiveness, emotional expression, motivation, learning ability, and school performance. Nutrition is interconnected with the environment, psychological health, health, and education. Malnutrition must be considered alongside other factors in childhood development. Psychosocial stimulation received by the children seems to make a significant contribution in alleviating the effects of malnutrition. Several studies show that nutritional supplementation when combined with stimulation has substantial benefits for cognitive development.\[[@ref2][@ref10][@ref11]\] Children who experience undernutrition are also likely to grow up in an understimulated social and psychological environment and it is the complex interaction between these factors that causes cognitive deficits. Since it is difficult to unravel the complexity of the mechanisms and sift out the effect of psychosocial stimulation, it is difficult to establish the existence of a causal relationship between undernutrition alone and cognitive development of children.

The proportion of underweight children in Himachal Pradesh state is 35--39%. This proportion although on higher side is better than the national figures.\[[@ref4]\] However, the prevalence of mental retardation at 1.7% is higher as compared to the rest of the country. The prevalence of mental retardation is even higher than the neighboring state of J and K, wherein the prevalence is only 0.72%.\[[@ref13][@ref14]\] The current corroborates on the absence of an unequivocal role of malnutrition alone as a cause for cognitive impairment. The future research should focus on the role of undernutrition on cognition. The current study does point to a correlation between nutritional deficiency and mental retardation, but the correlation is too weak to be of causal nature. Further nutritional deficiency may have an indirect effect on cognition. Nutritional deficiency may affect school enrollment and therefore participation in learning.

Limitations {#sec2-6}
-----------

A study of micronutrient deficiency among the study participants would have ruled out the possibility of confounding by such deficiencies or the lack of their deficiency.
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